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1.0 INTRODUCTION 


Extensive quantities of photographic film will be used for data recording during the 
Project Skylab program. Film with diverse radiation sensitivities will be placed in 
low earth orbit for periods ranging from 29 to 236 days. Storage and experimental 
locations offer varying amounts of protection from space radiation-induced fogging 
to the Skylab films. 

8 9 

Earlier studies ' of the Skylab film radiation hazard have been made. The present 
study concentrates on updating the geometric model and improving the computational 
techniques for estimating film fogging. Detailed spectral analyses are included for 
proton, electron, and bremsstrahlung components. Approximate damage estimates 
are included for the galactic cosmic radiation component. 

A summary of the study and recommendations are given in Section 2. The radiation 
environment is discussed in Section 3. Film response to radiation is outlined in 
Section 4. The ATM film radiation analysis is detailed in Section 5. Radiation 
damage data to films stored in the OWS vault and at the T027 and S190 experiment 
locations is presented in Section 6. A preliminary analysis of the MSFC proton 
spectrometer experiment is given in Section 7. 
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2.0 SUMMARY AND RECOMMENDATIONS 


2 1 

The trapped proton environment Is taken from the current Vette AP7 model. 

21 

the trapped electron environment is taken from the 1968 (projected) model.*" 

A revised electron environment model is in preparation at the National Space Sciences 

Data Center. Goddard Space Flight Center, NASA, but is not yet available. 

The galactic cosmic radiation (GCR) dose rate estimates in the Skylab orbit are 

3 

provided by Burrell and Wright. These estimates are in good agreement with avail- 
able flight measurements. 

The geometry model of the Skylab cluster is revised and updated. The model of 
the film vaults, MDA, OWS, ATM, T027 experiment, and S190 experiment received 
particular attention. 

The LSVDC4 space radiation transport program^ is revised to include radiation 
damage response functions for trapped protons, trapped electrons, and bremssfrahlung. 
Damage response functions are not available for galactic cosmic radiation at this 
time. Fog estimates are given on the assumption that equal doses of GCR and trapped 
protons produce equal fogging. 

Film damage estimates are developed for each of the 24 ATM cameras. Daily dose 
and fogging rates are given in each location, together with their totals. The eight 
NRL cameras are well below tolerance by factors ranging from 1.8 to 6. The load 
1 cameras for the other four telescopes are below tolerance by factors ranging from 
4 to 6. Of the remaining 12 cameras, six are slightly under tolerance by margins 
of 1 to 20 percent; five are over tolerance by margins of 4 to 25 percent; and one 
is over tolerance by 90 percent. 

Dose rates and film damage estimates are developed at 11 magazine locations within 

the OWS vault. Dose rates, excluding the GCR component, range from 6.42 to 
56.6 millirad per day (1 rad = .01 Joule/Kg). 


3 



Dose rates and film damage estimates are developed at the T027 boom-mounted 
camera and at a temporary location within the Scientific Airlock. No timeline is 
available to permit the estimation of total radiation fogging. A minimum value 
of 0.421 fog density is achieved by placing the magazines in the heavily shielded 

part of the OWS vault for 29 days. This value could rise to a value of two or 
higher depending upon the actual timeline. 

Dose rate and film damage rate estimates are developed for three of the six SI 90 
cameras in the operating location and at five storage locations in the OWS vault. 
Daily dose rates vary from 55 to 61 millirad per day in the MDA and from 6.42 to 
9.40 millirad per day in the vault, exclusive of the 10 millirad per day GCR con- 
tribution. 

A small effort is devoted to examining the behavior of the MSFC proton spectrometer. 
It is concluded that an eight month sample period will permit good corrections to 
the radiation environment model for the Skylab orbit. A two month sample period 
will permit corrections to be derived with a somewhat greater effort. A one week 
sample requires still greater effort plus favorable vehicle orientation during anomaly 
passes. 

Recommendations for future work include: 

o Develop radiation damage estimates for other film-using experiments. 

o Refine the GCR primary and secondary estimates. Film damage functions 
should be developed for each component. 

o Develop a proton and electron monitoring technique using present on- 
board instrumentation. Data obtained in this manner would be used to 
update film damage estimates so that timely mission planning could be 

made. 
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o Provide additional shielding for the H -Alpha 1 cameras in the MDA vault. 
The removal of the load 4 NRL cameras which provided significant shielding 
has increased the radiation damage to these films to above-tolerance values. 

o Add an electron shield to four sides of the boom-mounted T027 camera. 

A 1/32 inch lead, 0.15 inch aluminum shield may reduce the damage 
rate on the boom by a factor of three. The factor of ten uncertainty in 
the electron environment makes this action particularly important. 

o Reassess the electron and bremsstrahlung hazard when the new electron 
environment models are issued by the National Space Sciences Data Center. 

o Periodically test radiation sensitivity of Skylab film up to the procurement 
date. 
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3.0 RADIATION ENVIRONMENT 


The Skylcib cluster is assumed to be in a 440 km (235 n.m.), 50 degree circular 

orbit. The flight profile is assumed to include the last eight months of 1973, a 
period near solar minimum. Potentially damaging radiations for this mission include 

trapped protons, trapped electrons, and galactic cosmic radiation (GCR). Solar 
flux events, while unpredictable, should have minimal effect on the mission because 
of low probability of occurrence and partial shielding by the magnetosphere. No 
known appreciable sources of nuclear radiation are on-board. The three significant 
radiation components are discussed below. 


3. 1 Trapped Protons 

3 

The proton environment is calculated by M. O. Burrell and J. J. Wright for the 
Skylab orbit from the Vette model environment AP7^ , The average daily proton 
flux, differential in energy, is given in Table 3. 1 . The uncertainty in the proton 
environment is a factor of two. Recent measurements indicate that peak fluxes are 
within 20 percent of predicted values at the Skylab orbit. 

The actual flux above 50 MeV varies somewhat from day to day, depending upon 
the particular orbit. During a typical six day interval, four daily fluxes are 90 
percent of the average and two are 120 percent of the average as indicated in Table 
3.2. Table 3.2 also shows that each daily flux arrives in 8 or 9 pulses as the orbit 
penetrates the South Atlantic magnetic anomaly. The small pulses last about 5 
minutes and contain few high-energy protons. The largest pulses last 16 minutes 
with 90 percent of these protons incident during an 8 minute peak interval. 

A graphical illustration of the Table 3.2 data is given in Figure 3. 1 . Here, pulses 
containing less than four percent of the average daily flux are omitted. It is 
apparent that 12 hours each day are free of trapped protons. 
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TABLE 3. 1 : AVERAGE PROTON SPECTRUM E 

cm - MeV - Day 


(235 n.m. , 50 degrees) 


E (MeV) 

Flux 

20 

37000. 

50 

23000. 

100 

9700. 

150 

4800. 

200 

2200. 

300 

630. 

400 

170. 

500 

56. 

600 

15. 

800 

1.; 



TABLE 3.2: PROTON PULSE DISTRIBUTION - PERCENT OF DAILY AVERAGE 


Pulse/Day 

1 

2 

3 

4 

5 

6 

1 

13.8 

22.4 

28.2 

18.2 

25.6 

13.1 

2 

.7 

3.1 

9.1 

1.6 

5.3 

.6 

3 

.6 

3.7 

1.0 

6.9 

2.0 

.6 

4 

10.9 

24.3 

15.7 

27.4 

20.6 

11.3 

5 

28.2 

20.8 

27.9 

15.0 

24.8 

28.4 

6 

10.7 

2.0 

5.8 

1.4 

3.0 

10.0 

7 

1.3 

2.3 

1.4 

3.2 

1.8 

1.3 

8 

4.3 

11.4 

6.1 

15.7 

8.5 

4.4 

9 

20.0 


24.9 


28.1 

20.6 

Total 

90.5 

90.0 

120.1 

89.4 

119.7 

90.3 



FIGURE 3.1: PROTON PULSE HISTORY 




The temporal behavior of trapped protons is important for the proton spectrometer 

and for film-using experiments temporarily mounted in exposed locations. If has 
little significance for stored film. 


3.2 Trapped Electrons 

3 

The electron environment is calculated by M. O. Burrell and J. J. Wright for 
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the Skylab orbit from the Vetfe model environment AE2 projected to 1968. 

The average daily electron flux, differential in energy, is given in Table 3.3. 
Additional data and interpretation were provided by Drs. Mike Teague and Wayne 
Singley, Goddard Space Flight Center, NASA. 

Approximately one-third of the trapped electron flux above 0.5 MeV is due to inner 
belt electrons. The other two-thirds arises from Skylab penetration of the "horns" of 
the outer belt. One-fourth of the flux is received in the northern hemisphere. 

Electron flux is received during approximately 18 pulses per day, each pulse lasting 
a few minutes to half an hour. In the case of the longer pulses, almost all the 
electrons arrive during a ten minute peak interval. A plot of the 16 largest 
pulses and their percent of the total flux above 0.5 MeV is shown in Figure 3 . 2 . 

A semilogarithmic plot is used in order to show the smaller pulses clearly. The very 
steep dose-depth relationship for these electrons may limit EVA activity during 
moderately small to large pulses. 

The electron pulses of Figure 3.2 correlafe with the proton pulses during the first 
24 hours of Figure 3. 1 because both computer runs started at zero latitude and 
longitude, and proceeded northeast initially. 
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TABLE 3.3: AVERAGE ELECTRON SPECTRUM ^ 2 

cm - MeV - Day 


(235 n.m. , 50 degrees) 


E(MeV) 

.0001 

.25 

.5 

1.0 

1.5 
2.0 
4.0 

6.5 
10.0 


Flux 

2.9+11 

4.5 + 10 
1.0 + 10 
1.2 + 9 

3.5 + 8 
1 . 1+8 

2.5 + 6 
2.9 + 5 
7.0 + 4 







Caution should be used in interpreting electron and bremsstrahlung results based 
upon the S968 electron model environment. A factor of ten uncertainty may be 
appropriate for the Skylab orbit. The original AE2 model is for 1964 near solar 
activity minimum. These data were projected to 1968, near solar activity maximum 
under the assumption that outer belt peak fluxes move inward during the maximum. 
Later studies have shown that solar maximum causes a filling of the slot between the 
belts rather than a movement of the peak. Further, only two sets of data near the 
region important to Skylab were available for the construction of the outer belt 
model. Neither set measured electrons below 0.5 MeV which are important for 
bremsstrahlung production because of the large flux below 0.5 MeV. The Skylab- 
orbit, outer-belt estimates are primarily extrapolations from higher altitudes. 

A new electron model is being developed at the Goddard Space Flight Center, NASA. 
Revised model data are not available for the present study. 


3.3 Galactic Cosmic Radiation (GCR) 

GCR includes energetic charged particles such as protons, alphas, and other stripped 

nuclei with atomic numbers up to approximately Z = 28. The energy of these particles 

15 

in interplanetary space near earth ranges from 10 MeV up to at least 10 " MeV. The 
low energy portion of the GCR is modulated by the solar activity cycle. The free 
space dose rate is reduced by a factor of about two at solar maximum compared to 
solar minimum due to the increased screening afforded by the extended solar magnetic 
field during disturbed solar conditions. The magnetosphere and shadowing effect 
of the earth also reduce GCR intensity in low, earth orbit. 

M. O. Burrell and j. J. Wright have computer GCR dose rates at solar minimum 

3 

within shielded enclosures. Their computed values are usually within 20 percent 

of measured values for physical dose rates behind thin shields. The uncertainty is 

somewhat greater for thick shields. Table 3.4 shows their results in free space near 

the orbit of the earth about the sun. They treat 14 groups of atomic numbers. Certain 

approximations are invoked in treating nuciear collisions and secondary transport, 

2 

but the resul ts may be val id to a thickness as large as 20 gm/crn aluminum or 
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TABLE 3.4: TOTAL GCR DOSE RATE - FREE SPACE - RAD TISSUE/YEAR 


Cn 



2 Relative 

Shield Thickness - gm/cm 1 5 10 20 35 50 Abundance 


Z -Group 


1 

4.78 

4.73 

4.68 

4.57 

4.40 

4.24 

.847 

2 

3.30 

3.24 

3.14 

2.96 

2.76 

2.61 

.1355 

4 

0.30 

0.29 

0.28 

0.25 

0.23 

0.21 

.00311 

6 

1.11 

1.03 

0.95 

0.85 

0.76 

0.69 

.00508 

7 

0.67 

0.61 

0.56 

0.50 

0.44 

0.40 

.00226 

8 

1.09 

0.98 

0.90 

0.80 

0.69 

0.62 

.00282 

9 

0.14 

0.13 

0.11 

0.10 

0.09 

0.08 

.00028 

10 

0.51 

0.45 

0.41 

0.36 

0.31 

0.27 

.00085 

11 

0.39 

0.35 

0.31 

0.27 

0.23 

0.20 

. 00054 

12 

0.77 

0.67 

0.60 

0.52 

0.44 

0.38 

.00090 

13 

0.18 

0.15 

0.14 

0.12 

0.10 

0.09 

.00017 

14 

0.39 

0.34 

0.30 

0.26 

0.21 

0.18 

. 00034 

18 

0.69 

0.58 

0.51 

0.43 

0.35 

0.28 

.00037 

25 

2.81 

2.31 

1.99 

1.61 

1.23 

0.98 

. 00079 

Total 

17.13 

15.86 

14.88 

13.60 

12.24 

11.23 

1.00001 



greater. For the sake of completeness, equivalent biological dose rates using 
recommended quality factors are shown in Table 3.5. However, the proper quality 
factors to use are highly controversial and other assumptions may lead to rem dose 
rates that are a factor of two lower. 

Of more interest to the Skylab mission, Table 3.6 shows GCR dose rates for a 

250 n.m. , 50 degree orbit. The daily dose rate ranges from 11.6 mrad/day behind 

2 2 

1 gm/cm to 9.6 mrad/day behind 50 gm/cm aluminum. A value of about 8 to 
10 mrad/day is probably correct to use in the present study because the mission will 
take place slightly before solar minimum. The rad-tissue unit is about 10 percent 
higher than the rad-air unit. 

Biological dose rates for the above orbit are approximately 50 to 60 mrem/day 
(an effective quality factor of 6 is assumed), though more detailed calculations 
should be made. 
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TABLE 3.5: TOTAL GCR BIOLOGICAL DOSE RATE - FREE SPACE - RE/vyYEAR 


Shield Thickness 


(Normalized to 4 


Particles above 30 MeV, 


cm - sec 


) 


- gm/cm^ 

1 

5 

10 

20 

35 

50 

Z -Group 







1 

4.06 

4.01 

3.96 

3.86 

3.71 

3.58 

2 

3.68 

3.60 

3.43 

3.17 

2.91 

2.72 

4 

0.65 

0.59 

0.54 

0.47 

0.42 

0.38 

6 

4.02 

3.50 

3.08 

2.61 

2.23 

1.97 

7 

3.02 

2.57 

2.25 

1.88 

1.59 

1.41 

8 

5.97 

4.99 

4.33 

3.60 

3.02 

2.66 

9 

0.89 

0.75 

0.65 

0.54 

0.45 

0.40 

10 

3.77 

3.16 

2.73 

2.25 

1.87 

1.63 

11 

3.28 

2.74 

2.37 

1.98 

1.64 

1.42 

12 

7.16 

5.91 

5.10 

4.22 

3.49 

3.00 

13 

1.83 

1.51 

1.31 

1.08 

0.89 

0.77 

14 

4.43 

3.64 

3.14 

2.59 

2.12 

1.78 

18 

9.86 

8.03 

6.89 

5.64 

4.52 

3.66 

25 

51.95 

42.13 

36.07 

29.02 

22.02 

17.45 

Total 

104.57 

87.13 

75.85 

62.91 

50.88 

42.83 



TABLE 3.6: TOTAL GCR DOSE RATE - 250 N M, 50 DEGREES - RAD TISSUE/YEAR 


/K , , . Particles above 30 Me 

(Normalized to 4 r ) 


cm 


sec 


Shield Thickness - gm/cm 

1 

5 

10 

20 

35 

50 

Z-Group 







1 

0.44 

0.44 

0.44 

0.45 

0.45 

0.45 

2 

0.97 

0.98 

0.97 

0.97 

0.96 

0.94 

4 

0.09 

0.09 

0.09 

0.09 

0.09 

0.08 

6 

0.33 

0.33 

0.32 

0.32 

0.30 

0.29 

7 

0.20 

0.20 

0.20 

0.19 

0.18 

0.17 

8 

0.32 

0.32 

0.32 

0.31 

0.29 

0.28 

9 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

10 

0.15 

0.15 

0.15 

0.14 

0.13 

0.13 

1 1 

0.12 

0.12 

0.11 

0.11 

0.10 

0.10 

12 

0.23 

0.23 

0.22 

0.21 

0.20 

0.18 

13 

0.05 

0.05 

0.05 

0.05 

0.05 

0.04 

14 

0.12 

0.12 

0.11 

0.11 

0.10 

0.09 

18 

0.21 

0.21 

0.20 

0.19 

0.17 

0.15 

25 

0.88 

0.85 

0.81 

0.74 

0.63 

0.55 

Total 

4.15 

4.13 

4.03 

3.92 

3.69 

3.49 



4.0 RESPONSE OF PHOTOGRAPHIC FILM TO SPACE RADIATION 


RadiaHons encountered in the Skylab orbit deposit energy locally in photographic 

emulsions, activating a fraction of the silver halide grains. Partial explanations 

5 

of the mechanisms involved may be obtained from the literature. The effect is 
termed radiation fogging or radiation darkening. 

In the case of black and white film, the result of radiation damage is a darkening 
measured in terms of change in optical density of the developed film. Optical 
density is defined as the logarithm of the reciprocal of transmittance. 

In the case of color films proposed for Skylab, a color reversal process is used so 
that increasing exposure results in decreasing density. For this reason the net 
density change is quoted in this report without reference to sign. Net density changes 
for color films are quoted for the visible spectral region (white light), plus red, green, 
and blue regions. Differing responses to space radiation in the various dye layers 
may cause loss of color fidelity. 

Radiation-induced fogging of photographic film is dependent upon several factors 
including type of emulsion, type of radiation, quality of radiation, and quantity 
of radiation. In order to account for these factors, the LSVDC4 dose code^ was 
modified to compute and tabulate the flux spectra arriving at the detector for proton, 
alpha, electron, and bremsstrahlung radiations. These spectra are weighted by 
energy-dependent response functions for 13 black and white films plus 5 color films 
in 4 spectral regions, then integrated over energy to yield net fogging density. 

The films investigated in the present study are listed in Table 4.1. Multiple entries 
under the "Film Type" heading usually imply that similar emulsions are coated on 
different backing materials or thicknesses; or that the gel overcoat is changed. 

The "inverse Sensitivity" values give a measure of the 1.25 MeV gamma ray dose 
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TABLE 4. 1 : KODAK FILMS INCLUDED IN STUDY 


* 



Inverse 

Sensitivity 

- Rad(Air)/0.2 Net Density 


Film Type 

Visible 

Red 

Green Blue 

Reference 

So- 166, 2485 

.12 



12 

No -Screen 

.13 



12 

103-0 u.v. 

.60 



12 

SC-5 

.74 



12 

Plus-X, 3401 

.90 



12 

Pan-X, 3400, SO-114, SO-212, 026-02 

4.5 



12 

SWR, 104-06 

** 

12.0 



12, 17 

SO -375 

17.5 



12 

SO -392, SO-101 

5.6 



17 

2403, 3403 

.20 



17 

103 a-f 

.80 



17 

SO -246 

.80 



17 

i N-Spectroscopic 

6.0 



17 

SO -168 (Color) 

.30 

.25 

.42 .50 

17 

5242 (Color) 

.73 

1.15 

1.1 .60 

. 17 

SO -368 (Color) 

.80 

1.2 

1.4 1.8 

17 

SO-180 (Color) 

.85 

.70 

2.2 1.8 

17 

SO-121 (Color) 

1.2 

1.7 

2.4 3.5 

17 


* Cobalt - 60 rads (air) required for 0.2 net density change 
** Recent tests indicate a value of 36 rads(air)/0.2 net density change 



required to achieve a net fogging density of 0.2. The dose versus density relationship 
is generally linear for densities less than 0.6. It should be noted that curve smoothing 
or different experimental values may alter inverse sensitivity by 20-30 percent. Such 
anomalies have been observed for SQ-166, No-Screen, and Pan-X. Evidently the 

composition of SWR emulsion has changed between 1967 and 1970 because the 
inverse sensitivity is now larger by a factor of three. 


Kodak film 101-01 (101-06) is not included in Table 4.1 because early studies gave 
anomalous results, probably due to an easily damaged emulsion surface. The Adams 
data show that 101-01 fogging is about 20 percent greater than Pan-X fogging. 


Experimental film fogging data from several sources is available. ^ 

11 15 

Several evaluations of the data have been made. ' The techniques used to 
derive response functions from experimental data are outlined below. 


4. 1 Proton Response Functions 

The density versus dose curve for one film is shown in Figure 4. 1 . Damage response 

functions are derived from such data. The damage response functions for protons on 

eight film types are shown in Figure 4.2, These data are taken from a Kodak-MSFC- 

12 

Langley study. The values at 10, 17.6, 50, 90, and 130 MeV are derived from 
proton accelerator experiments. The values at 450 MeV are taken from cobalt-60 

4 

tests. This equivalence is suggested by the work of Cormack and Johns who showed 
that the mean LET (linear energy transfer) of the Compton electrons produced in water 
by cobalt-60 gamma rays is 1.4 times the LET of a minimum ionizing singly charged 
particle. Thus it is expected that the sensitivity of film to cobalt-60 gamma rays is 
similar to the sensitivity to 450 MeV protons whose LET is also 1 .4 times the LET for 
minimum ionizing protons. A further extension to 2500 MeV is made on the basis of 
relative LET to minimum LET which occurs at 2500 MeV for protons in air. Trapped 
protons possess energies less than 2500 MeV. 


2 ! 



Net Optical Density 




Proton Sensitivity - 


Proton Energy Scale - MeV 
1° 17.6 50 90 130 45 0 



FIGURE 4.2: PROTON SENSITIVITY OF EIGHT FILMS 
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The damage response function for Kodak film SO-166 versus proton energy is shown 
in Figure 4,3. Damage response functions for films not included in Figure 4.2 are 
interpolated according to sensitivity to cobalt-60 radiation. 


4.2 Alpha Response Functions 

Radiation fogging induced by alpha (helium nuclei) are not computed explicitly 
in this study. Alpha radiation is an insignificant component of the trapped radiation 
belts and is ignored. Cosmic radiation damage (including alphas) is discussed in 
Section 4.5 below. However, the capability of treating alphas is included in the 
dose code. Damage response functions for alphas are derived from those for protons 
on a relative LET basis. Figure 4.3 includes an alpha energy scale so that values 
of the alpha response function may be read directly from the figure for SO-166. 


4.3 Electron Response Functions 

Experimental data showing the electron-induced fogging density as a function of 

energy are not available for the films of interest to Skylab. In general, sensitivity 

has been found to increase with increasing electron energy up to approximately 1 

5 

MeV which is the energy of a minimum ionizing electron in air. Above 1 MeV 

19 20 

the sensitivity remains approximately constant. ' 

The interaction of electrons with emulsion is by direct ionization and secondary 
ionization caused by electron-produced delta rays (secondary electrons). Below 
minimum ionization, the effect is similar to the ionizing effect of protons. Electron 
damage response functions are derived from proton damage response functions on a 
relative LET basis. Figure 4.3 includes an electron energy scale so that values of 
the electron response function may be read directly from the figure for SO-loo. 

It is claimed that the fogging density per unit dose for 1 MeV gamma rays is equal 

19 , 

to the fogging density per unit dose for 1 MeV electrons. Therefore, the value 
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FIGURE 4.3: RADIATION SENSITIVITY OF FILM TYPE SO-166 
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of the damage response function for electrons at minimum LET should equal that 
due to cobalt-60 gamma rays. The present study uses values larger by 5 to 10 

percent. The slight discrepancy is not significant herein. 


4.4 Bremsstrahlung Response Functions 

The fogging induced by photons (bremsstrahlung, x-rays, and gamma rays) is caused 
by the secondary electrons produced in collisions. For photon energies between 
1 and 10 MeV, the response function is essentially constant and similar to the response 
function for minimum ionizing electrons. However, for photons below 1 MeV the 
response function is strongly peaked due to the K absorption edges of the silver 
halide grains. 

Experimental data showing the photon-induced fogging density as a function of 
energy are not available for the films of interest to Skylab. The only such data 
available for Skylab films are for the effect of cobalt-60 gamma rays at 1.25 MeV. 
These data are used as normalizing points. 

At lower energies the relative sensitivity of Ilford Line Film as determined by Greening 

is used. Figure 4.4 shows the resulting damage response function for Kodak film 

SO-166. For this film the peak-to-minimum ratio is about 50. For slow films the 

12 

peak-to-minimum ratio should be reduced to 25 or 30. The SWR-type film 
bremsstrahlung damage estimates may be high by 3 to 30 percent for this reason. 

13 * 

Other studies on moderate speed and fast films confirm the Greening data. 


4.5 GCR Response Functions 

GCR offers a difficult problem in estimating film damage, it contributes about 10 
mill! rad per day throughout the cluster according to the results of Burrell and Wright 
(Section 3.3). The proton component is more damaging than trapped protons for 
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equal doses because the spectrum is harder. The primary alpha and heavier com- 
ponents are probably less damaging per unit dose than trapped protons as evidenced 
by Figure 4.3. However, these radiations produce intense showers of secondaries 

which are usually more damaging to film than the primaries. 

In this effort, GCR is assumed to cause the same fogging per unit dose as trapped 
protons do to films contained in the vaults. 
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d f 

treated include trapped protons, trapped electrons, electron-produced bremsstrahlung, 
and galactic cosmic radiation (GCR). 

Radiation transport calculations are performed for each camera in each storage and 
operational location in the Skylab cluster. Provision is made for the presence or 
absence of other nearby components over the course of the eight month flight. 

These results are folded together according to the ATM camera timeline of Table 5. 1 
in order to arrive at total radiation-induced film fogging. ^ 

2 

The arrangement of cameras in the four vaults is shown in Figures 5. 1 through 5.4. 
One detector position is chosen within the film of each camera in what is estimated 
to be the most exposed location. The Arabic numeral on each camera indicates 
load number. The letters indicate the six film-using ATM experiments; HAO, 
H-ALPHA 1, GSFC, AS&E, NRL-A, and NRL-B. Load 1 cameras are not shown 
in the vaults; they are launched in place on the ATM. The two load 4 NRL cameras 
are not shown because they will be resupplied by SL-4. 

The return arrangement of cameras in the CSM was not available at the time computer 
runs were made. The assumed locations are shown in Figure 5.5. Note that mutual 
shielding is minimal . 

The arrangement of telescopes on the ATM is shown in Figure 5.6. This scheme 
represents a 90 degree rotation of the equilibrium position from a previous study. 
Cameras are placed in the appropriate locations. The two NRL cameras are in 
relatively exposed places near the sun end of the ATM, 
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TABLE 5. 1 : ATM EXPERIMENT FILM LOCATION HISTORY 


CO 

C 


Item 

Time Period 
Days 

ATM 

Load 

MDA 

Load 

Prelaunch 

0-30 

1 

2, 3, 4 

SL 2 

Manned 

Operation 

30 - 58 

1 

2, 3, 4 

Return 

58 - 61 



Unmanned 

Operation 

58 - 120 

S052 & 
S054 
2 

2/ 3, 4 

SL 3 

Manned 

Operation 

120 - 148 
148 - 176 

(All) 

2 

3 

(All) 

3, 4 
4 

Return 

176 - 179 



Unmanned 

Operation 

176-210 

S052 & 
S054 
4 

4 

SL4 

Manned 

Operation 

210 -266 

(AM) 

4 


Return 

266 - 269 




CM 

Load 


1 


2 

2, 3 


4 













cm 

I 1 'W 1 






FIGURE 5.4: 






FIGURE 5.6: ATM CANISTER (SUN END) 
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The HAO film is Kodak 026-02 which shows fhe same radiation sensitivity as Kodak 
Pan-X 3400, The ASE film is Kodak Pan-X 3400. The GSFC film is labeled Kodak 
SO-212, but the emulsion and radiation response are identical to Pan-X. The 

H-ALPHA 1 film is Kodak SO-101 which is similar to Kodak SO-392 except for a 
thinner backing material. Both NRL films are Kodak 104-06 which has a radiation 
response identical to Kodak SWR film. As explained in Section 4, all SWR fogging 

results have been reduced by a factor of 3 to reflect Martin-Marietta^ (June, 1970) 

12 

and Kodak (October, 1970) tests on the current product. 


5. 1 Dose Rates to ATM Film 

The daily dose rate to each ATM film is given in Table 5.2. The GCR component, 

10 mrad/day, should be added to each value as indicated in the table. A constant 
value is used for GCR because the data of Section 3 indicate only a 16 percent 
reduction within a 50 gm/cm shield as compared with 1 gm/cm shield. The "day" 
numbers at the top of each column refer to the timeline days in Table 5.1, from which 
camera location may be obtained. The daily dose rates range from 30 to 110 mrad/ 
day depending upon camera type and location. During the actual mission, fhe cameras 
will be removed from the ATM to the CSM several days before that indicated in 
Table 5.1. This procedure will result in lower dose and film damage than indicated 
for each camera. Appropriate adjustments may be made with the aid of the data in 
Table 5.2. 


The daily radiation fogging rate to each ATM film is given in Table 5.3. Again, 
the GCR component is listed separately and should be added to other values. The 

-4 -3 

approximate range of fogging values is from 1.2 x 10 to 1.7 x 10 per day. 

The relative importance of each radiation component-trapped protons, trapped 
electrons, bremsstrahlung , and GCR-may be estimated from the values of Table 5,4. 
Here, fhe percent of total dose rate and fogging rate, by component, is shown for 
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TABLE 5.2 DAILY DOSE RATE WITHOUT GCR - MR AD/DAY 


CO 

00 


Load 1 


Load 2 


Load 3 



30-58 

58-61 

30-58 

58-120 

120-148 

148-179 

30-58 

58-120 

120-148 

148-176 

176-179 

HAO, 026-02 

47.1 

23.0 

28.5 

47.2 

47.1 

23.0 

26.3 

29.0 

29.0 

47.1 

23.0 

ASE, Pan~X 

35.5 

26.3 

27.5 

35.5 

35.5 

26.3 

27.0 

28.3 

28.3 

35.5 

26.3 

GSFC, SO-114 

45.0 

28.8 

26.4 

26.4 

45.0 

28.8 

24.8 

26.5 

26.5 

45.0 

28.8 

H-ALPHA 1, SO-101 

45.8 

27.9 

66.2 

66.2 

45.8 

27.9 

66.3 

66.3 

67.1 

45.8 

27.9 

NRL-A, 104-06 

98.7 

34.5 

21.9 

21.9 

98.7 

34.5 

22.2 

22.2 

22.5 

98.7 

34.5 

NRL-B, 104-06 

66.1 

28.8 

22.6 

22.6 

66.1 

28.8 

23.6 

23.6 

23.6 

66.1 

28.8 





Load 4 



GCR - All Loads 


30-120 

120-148 

148-176 

176-210 

210-266 

266-269 


HAO, 026-02 

21.2 

21.2 

21.3 

47.2 

47.1 

23.0 

10. 

ASE , Pan-X 

20.3 

20.3 

20.3 

35.5 

35.5 

26.3 

10. 

GSFC, SO-114 

22.5 

22.5 

22.6 

22.6 

45.0 

28.8 

10. 

H-ALPHA 1, SO-101 

67.2 

68.0 

70.5 

70.5 

45.8 

27.9 

10. 

NRL-A, 104-06 





98.7 

34.5 

10. 

NRL-B, 104-06 





66.1 

28.8 

10. 



TABLE 5.3: DAILY FILM FOGGING RATE WITHOUT GCR - DAY 


-1 


GO 

NO 


Load 1 


Load 2 


Load 3 



30-58 

58-61 

30-58 

58-120 

120-148 

148-179 

30-58 

58-120 

120-148 

148-176 

176-179 

HAO, 026-02 

1.29-3 

6.39-4 

7.92-4 

1.30-3 

1.29-3 

6.39-4 

7.36-4 

8.07-4 

8.07-4 

1.29-3 

6.39-4 

ASE, Pan-X 

9.67-4 

7.33-4 

7.66-4 

9.67-4 

9.67-4 

7.33-4 

7.56-4 

7.91-4 

7.91-4 

9.67-4 

7.33-4 

GSFC, SO-1 14 

1.23-3 

8.04-4 

7.37-4 

7.37-4 

1.23-3 

8.04-4 

6.94-4 

7.41-4 

7.41-4 

1.23-3 

8.04-4 

H-ALPHA 1, SO-101 

1.01-3 

6.11-4 

1.45-3 

1.45-3 

1.01-3 

6.11-4 

1.45-3 

1.45-3 

1.47-3 

1.01-3 

6.11-4 

NRL-A, 104-06 

3.70-4 

1,34-4 

8.53-5 

8.53-5 

3.70-4 

1.34-4 

8.70-5 

8.70-5 

8.80-5 

3.70-4 

1.34-4 

NRL-B, 104-06 

2.48-4 

1.12-4 

8.77-5 

8.77-5 

2.48-4 

1.12-4 

9.17-5 

9.17-5 

9.17-5 

2.48-4 

1.12-4 



30-120 

120-148 

Load 4 

148-176 176-210 

210-266 

266-269 

GCR - Al ! Loads 

HAO, 026-02 

5.97-4 

5.97-4 

5.98-4 

1.30-3 

1.29-3 

6.39-4 

2.79-4 

ASE, PAN-X 

5.69-4 

5.69-4 

5.70-4 

9.67-4 

9.67-4 

7.33-4 

2.79-4 

GSFC, SO-1 14 

6.28-4 

6.28-4 

6.30-4 

6.30-4 

1.23-3 

8.04-4 

2.79-4 

H-ALPHA 1, SO-101 

1.47-3 

1.48-3 

1.54-3 

1.54-3 

1.01-3 

6.11-4 

2.19-4 

NRL-A, 104-06 





3.70-4 

1.34-4 

3.89-5 

NRL-B, 104-06 





2.48-4 

1.12-4 

3.89-5 



TABLE 5.4: PERCENT OF DAILY DOSE AND FOGGING BY COMPONENT - ATM 


■t*. 

o 


Dose 

P 

e 

Brem 

GCR 

HAO 

80.6 

0.9 

0.9 

17.5 

ASE 

77.1 

0.1 

0.8 

22.0 

GSFC 

80.7 

0.1 

0.9 

18.2 

H-ALPHA 1 

81.0 

0.1 

0.9 

17.9 

NRL-A 

85.4 

4.4 

1.0 

9.2 

NRL-B 

82.4 

3.6 

0.9 

13.1 


Fogging 


HAO 

72.7 

1.6 

8.0 

17.8 

ASE 

73.0 

0.2 

4.5 

22.4 

GSFC 

74.2 

0.2 

7.2 

18.5 

H-ALPHA 1 

76.6 

0.2 

5.5 

17.8 

NRL-A 

74.3 

6.9 

8.9 

9.5 

NRL-B 

73.8 

5.5 

7.1 

13.5 



TABLE 5.4: PERCENT OF TOTAL DOSE AND FOGGING BY COMPONENT 


LOAD 2, MDA VAULTS 


Dose 

P 

e 

Brem 

GCR 

HAO 

73.2 

0 . 

0.7 

26.1 

ASE 

72.5 

0 . 

0.7 

26.7 

GSFC 

71.7 

0 . 

0.7 

27.5 

H-ALPHA 1 

85.8 

0 . 

1.0 

13.1 

NRL-A 

68.0 

0 . 

0.6 

31.3 

NRL-B 

68.7 

0 . 

0.6 

30.7 


Fogging 


HAO 

71.5 

0 . 

2.5 

26.0 

ASE 

70.6 

0 . 

2.7 

26.7 

GSFC 

70.2 

0 . 

2.4 

27.5 

H-ALPHA 1 

79.8 

0 . 

6.7 

13.1 

NRL-A 

67.1 

0 . 

1.7 

31.3 

NRL-B 

67.7 

0 . 

1.6 

30.7 



TABLE 5.4: PERCENT OF TOTAL DOSE AND FOGGING BY COMPONENT 


LOAD 3, MDA VAULTS 


Dose 

P 

e 

Brem 

GCR 

HAO 

71.9 

0 . 

0.7 

27.5 

ASE 

72.4 

0 . 

0.7 

27.0 

GSFC 

70.4 

0 . 

0.7 

28.7 

H -ALPHA 1 

85.8 

0.1 

1.0 

13.1 

NRL-A 

68.6 

0 . 

0.6 

31.0 

NRL-B 

69.6 

0 . 

0.6 

29.8 


Fogging 


HAO 

70.1 

0 . 

2.3 

27.5 

ASE 

70.4 

0 . 

2.6 

27.0 

GSFC 

69.1 

0 . 

2.3 

28.7 

H-ALPHA 1 

79.7 

0.2 

6.8 

13.1 

NRL-A 

67.2 

0 . 

1.6 

30.9 

NRL-B 

68.4 

0 . 

1.7 

29.8 



TABLE 5.4: PERCENT OF TOTAL DOSE AND FOGGING BY COMPONENT 


LOAD 4, MDA VAULTS 


Dose 

P 

e 

Brem 

GCR 

HAO 

67.5 

0 . 

0.6 

32.0 

ASE 

66.8 

0 . 

0.6 

32.8 

GSFC 

68.6 

0. 

0.6 

30.8 


Fogging 


HAO 

66.1 

0 . 

2.0 

31.8 

ASE 

65.2 

0 . 

1.9 

32.9 

GSFC 

67.2 

0 . 

2.0 

30.8 

H -ALPHA 1 

79.9 

0.1 

6.9 

13.0 



values significantly. For dose rates, the proton component ranges from 67 to 86 
percent; electron, from 0 to 1 percent; bremsstrahiung, from 0.6 to 1 percent; and 

GCR, from 9 to 33 percent. For fogging rates, the proton component ranges from 
65 to 80 percent; electron, from 0 to 7 percent; bremsstrahiung, from 1.6 to 9 
percent; and GCR, from 9.5 to 33 percent. 

Total dose and radiation fogging estimates are obtained by folding the data of Tables 
5.2 and 5.3 into the timel ine of Table 5.1. These estimates are given in Table 5.5. 
Total doses range from 1.3 to 17.3 rad. The total radiation fogging values are 
discussed below. 

The NRL cameras offered a particular challenge at the beginning of the present study. 
The tolerance value for radiation-induced fogging had been lowered to 0.05. Results 
from a previous study showed that the new tolerance would be difficult to meet. 

Steps were taken to alleviate the NRL film problem, including: 

o resupply of load 4, eliminating 180 days of MDA storage, 
o move load 2 from the thin-walled vault 4 to vault 1, 
o increase vault 1 wall thickness to 0.5 inches aluminum. 

The recomputed fogging values were still over tolerance for loads 2, 3, and 4. 

12 

However, Murray Cleare and Ken Huff of the Eastman Kodak Company rechecked 
the cobalt-60 sensitivity of SWR film in late 1970. Their new measurements, com- 
municated in July 1971, show that the radiation sensitivity of this product has fallen 
by a factor of 3 since the 1967 tests. This result also confirms the Martin-Marietta 
tests of early 1970 .^ As a result of increased protection, load 4 resupply, and - 
particularly - reduced radiation sensitivity, the NRL film's computed radiation fogging 
is well below the specified tolerance level in the eight NRL cameras. 




TABLE 5.5: TOTAL DOSE AND RADIATION FOGGING WITH GCR 




Dose 

- Rad 



Fogging 

Density 



Load 1 

Load 2 

Load 3 

Load 4 

Load 1 

Load 2 

Load 3 

Load 4 

HAO 

1.63 

7.18 

6.15 

9.73 

.045 

.198 

.171 

.270 

ASE 

1.30 

6.19 

5.79 

8.55 

.036 

.171 

.161 

.237 

GSFC 

1.57 

5.93 

5.83 

8.96 

.044 

.165 

.163 

.249 

H -ALPHA 1 

1.60 

9.52 

10.6 

17.3 

.035 

.208 

.232 

.378 

NRL A 

3.08 

7.19 

6.89 

6.12 

.012 

.028 

.027 

.023 

NRL B 

2.16 

6.18 

6.12 

4.29 

.008 

.024 

.024 

.017 



The specified fogging density tolerance level for the other ATM films Is 0.200. 

The proton dose rates to Pan-X type films in storage (HAO, A ^ t i . , S F 0 J h qv @ 

generally declined, but the inclusion of electrons and bremsstrahlung, coupled 
with a 23 percent increase in sensitivity due to using a more exact computational 

technique, has increased radiation damage to these films. For the H-ALPHA 1 
film, decreased shielding and increased sensitivity as shown by the Martin-Marietta 
data also combine to increase film damage. 

Load 1 damage increases are generally due to increased sensitivity. For other loads, 
the increased sensitivity is partially compensated by better MDA shielding except 
for H-ALPHA 1 cameras. 

The over-tolerance values shown for several load 4 cameras in Table 5.6 merit 
special attention. For the HAO load 4 camera, the dose rate in storage and on the 
ATM is now lower than in a previous study. The number of days in orbit has been 
reduced by 16. Yet the total dose is higher (9.70 vs 9.56 rad) due to 34 days on 
the spar during unmanned operation and an additional 28 days on the spar during 
SL-4. The radiation fog rose from .203 to .270 primarily due to increased film 
sensitivity. 

For the AS&E load 4 camera, the same considerations apply. The total dose fell 
from 9.89 to 8.53 rad; yet the radiation fog rose from .210 to .237,primarily due 
to increased film sensitivity. 

For the GSFC load 4 camera, the dose rate in storage fell while the dose rate on the 
spar rose. The total dose fell from 9.24 to 8.94 rad. The radiation fog increased from 
.196 to .249, primarily due to increased film sensitivity. 
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TABLE 5.6: COMPARISON OF LOAD 4 RESULTS FOR HAO, AS&E, AND GSFC 


1970 Values Present Values 



Dose Rate 


Dose 

Dose Rate 


Dose 


Rad/Day 

Days 

Rad 

Rad/Day 

Days 

Rad 

HAO 

.0234 

100 

2.34 

.0212 

118 

2.50 


.0237 

28 

.66 

.0213 

28 

.60 


.0238 

96 

2.28 

.0472 

34 

1.60 


.0629 

28 

1.76 

.0471 

56 

2.64 




7.04 



7.34 


GCR 

252 

2.52 

GCR 

236 

2.36 




9.56 



9.70 


Fog = .203 



Fog = .270 



AS&E 

.0269 

100 

2.69 

.0203 

118 

2.40 


.0270 

28 

.76 

.0203 

28 

.57 


.0270 

96 

2.59 

.0355 

34 

1.21 


.0475 

28 

1.33 

.0355 

56 

1.99 




7.37 



6.17 


GCR 

252 

2.52 

GCR 

236 

2.36 




9.89 



8.53 


Fog = .210 



Fog = .237 



GSFC 

.0250 

100 

2.50 

.0225 

118 

2.66 


.0250 

28 

.70 

.0226 

28 

.63 


.0251 

96 

2.41 

.0226 

34 

.77 


.0396 

28 

1.11 

.0450 

56 

2.52 




6.72 



6.58 


GCR 

252 

2.52 

GCR 

236 

2.36 




9.24 



8.94 


Fog = .196 



Fog = .249 





The computed fogging for HAO load 1 is 0.045, up from 0.036 in the June, 1970 

8 

report due to increased sensitivity. The computed value for HAO load 2 is 0. 198, 
up from 0. 145 a year ago. Most of the uncompensated increase is due to an additional 
62 days dwell time on the ATM spar including unmanned operation; a smaller part 

is due to use of the Apollo Block II CSM geometry model which has slightly less 
protection than the simple model used earlier. The computed value for HAO load 
3 is 0.171, up slightly from the previous estimate of 0.155, due to bremsstrahiung 
and electrons. HAO load 4 is over tolerance at 0.270, up from 0.203 a year ago. 

Half the uncompensated increase is due to 34 days on the spar during unmanned operation 
plus 56 rather than 28 days on the spar during SL-4. Most of the remaining increase 
is due to bremsstrahiung and electrons. 

The ASE load 1 radiation fogging estimate rose from 0.028 to 0.036, primarily due 
to increased film sensitivity. The ASE load 2 estimate rose from 0.149 to 0.171 due 
partly to unmanned operation and higher CSM levels. The ASE load 3 estimate rose 
slightly from 0. 153 to 0. 161 . The ASE load 4 estimate rose from 0.210 (over tolerance) 
to 0.237, partly due to 62 days additional stay time on the ATM spar during SL-4 
and unmanned operation. 

The GSFC load 1 radiation fogging estimates rose from 0.023 to 0.044 due to mis- 
cellaneous causes. The GSFC load 2 estimates rose from 0.133 to 0.165, partly due 
to the new CSM model plus inclusion of the electron and bremsstrahiung components. 

The GSFC load 3 estimates rose from 0. 136 to 0. 163. The GSFC load 4 estimates rose 
from 0. 196 to 0.249, partly due to longer stay time on the ATM spar. 

The four H-Alpha 1 cameras exhibit greatly increased fogging level estimates compared 
to the previous study. Three loads are now over tolerance. The reasons for the 
dramatic increase in H-Alpha 1 film damage estimates are detailed below. 
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35 percent in film sensitivity. Table 5.7 compares previous estimates, previous 

estimates corrected for higher radiation sensitivity, and present estimates. Note 
that the previous results are approximately a factor of two lower than the present 
results even with the new film sensitivity taken into account. 

The H-Alpha 1, load 1 results indicate that the revised ATM configuration and 
inclusion of bremsstrahlung, raises fogging levels by 0.02 for a 28 day dwell time 
on the spar. This information implies that 0.07 to 0.11 of the fogging density increase 
takes place in the MDA vaults or CSM for loads 2, 3, and 4. Less than 20 percent 
of the increment can be attributed to bremsstrahlung; the greater part is due to the 
removal of two massive NRL load 2 cameras and their cannisters from vault 4. This 
act causes greatly increased dose and fogging rates in the thin-walled vault over a 
90 to 146 day period for H-Alpha 1 camera loads 2, 3, and 4. 

The CSM dose rates are overestimated because of the simple configuration used here 
as sketched in Figure 5.5. The planned return configuration places the NRL cameras 
against the flat (ablative shield) side with 25 pound pound bags strapped on top. 

The other ATM cameras are packed into a locker whose minimum wall thickness is 
.050 inches aluminum. Other film magazines are placed atop the ATM cameras. 

Thus, the actual configuration provides more shielding and the dose rates should be 
at least 20 percent lower than the CSM dose rates quoted in this section. The 
reduction is most significant to load 2 films which will be stored in the CSM over a 
28 day period. CSM storage should provide equal or better shielding than the MDA 
vaults. 
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TABLE 5.7: COMPARISON OF H-ALPHA 1 RADIATION FOGGING ESTIMATES 


Load 

Previous 

Study 

Previous 
Study - New 
Film Sensitivity 

Present 

Study 

1 

.012 

.016 

.035 

2 

.088 

.119 

.208 

3 

.088 

.119 

.232 

4 

.162 

.219 

.378 



\ 

5.2 Status of the Radiation Hazard to ATM Film 

1. All ATM load 1 fogging estimates are below specified tolerance limits by factors 
of 4 to 6. 

2. The load 2, 3, and 4 NRL fogging estimates are below specified tolerance 
limits by factors of 1.8 to 3. This conclusion is based upon resupply of load 
4 and relocation of load 2 to MDA vault 1. 

3. The HAO, ASE, and GSFC fogging estimates for loads 2 and 3 are slightly below 
specified tolerance limits with safety margins ranging from 1 to 20 percent. These 
margins are significantly smaller than computational uncertainties (factor of two). 

4. The HAO, ASE, and GSFC fogging estimates for load 4 are above specified 
tolerance limits by 19 to 35 percent. 

5. The H-Alpha 1 fogging estimates for loads 2, 3, and 4 are above specified tolerance 
limits by 4 to 90 percent. Part of all of the excess fogging may be eliminated by 
putting massive components in vault 4. 

6. Significant, unanticipated changes in the radiation sensitivities of several film 
types have occurred over a four year period. Samples of film to be flown aboard 
Skylab should be periodically sampled up to the procurement date. 
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6.0 OWS FILM RADIATION DAMAGE ANALYSES 


All Skyfab films not specifically assigned to the ATM will be termed "OWS films" 
in this report because they are usually stored in the OWS vault when not in use. 
Detailed rime lines, operational modes, and radiation fogging tolerance criteria 
were not available to Lockheed during the present study. Therefore, daily dose 
and fogging rates at several locations are given. The user may combine these data 
with his own timeline in order to compute total radiation damage to individual 
experiment films. 

The results of the OWS vault study are given in Section 6. 1 . Results for the T027 
and SI 90 operational locations are given in Sections 6.2 and 6.3, respectively. 

6.1 OWS Vault Analysis 

A sketch of the OWS aluminum vault is shown in Figure 6. 1 . The center-hinged 
doors are removed for clarity. The top is 0.25 inches thick and the bottom is 3.4 
inches thick. The side walls, back, and doors are stepped so that, in conjunction 
with several internal dividers, varying amounts of shielding surround groups of 
drawers. Drawers A and G are protected by at least 0.25 inches aluminum. 

Drawers B, C, D, H, and I are protected by at least 1.9 inches aluminum. Drawer 
J is protected by at least 2.9 inches aluminum. Drawers E, F, K, and L are protected 
by at least 3.4 inches aluminum. 

The drawer contents are shown in Figure 6.2 a-e. Above each sketch is a label 
showing the mission, drawer, minimum shield thickness, and drawer height. The 
location of individual film magazines is shown inside the drawer. Each magazine 
has three labels. The first indicates the experiment for which it is intended; the 
second, the film identification; and the third, the number of days in orbit. The 
latter value is not necessarily equal to the number of days in the vault. 
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Seven different types of film magazines, cassettes, and canisters are modeled and 
reproduced in sufficient quantity to fill the requirements shown in Figure 6,2. 
Canisters K and M for experiments SOI 9 and S183, respectively, are assumed to be 

identical. Canister L for S020 is omitted because it will not remain in the vault 
very long. A large block of nuclear emulsion for S009 is omitted for the same reason. 

Magazine type B for experiments M151, M487, M508, M509, T013, T020, and 
others has .078" magnesium walls. Other magazines are made of aluminum. 

The numbered asterisks in Figure 6.2 identify the eleven detector locations studied. 
Detectors are located 0. 1" from the film outer surface. A number of runs were 
made in order to simulate vault loading during major mission segments. 

Daily dose rates, excluding GCR, at the 11 detector positions are shown in Table 
6. 1 . The first column shows dose rates in an empty vault. Subsequent columns 
identify Mission SL 1/2, SI (first unmanned storage period), SL3, S2 (second 
unmanned storage period), and SL4. Approximately 10 mrad/day should be added 
to each value to account for the GCR contribution. The blank spaces in Table 6. 1 
indicate that the associated film magazine is not present during that mission segment. 

Film locations within the vault and film types assigned to experiments are not yet 
frozen. To illustrate this point, it might be noted that many of the film locations 
were changed before the geometry model was completed. Moderately accurate 
dose rate estimates may be derived for new configurations from Table 6.1. 

Film fogging estimates for various films in new configurations are more difficult 
to estimate without extensive data. For this reason, net radiation fogging density 
change values for 8 black and white films and 4 color films are given in Table 6.2. 
For the color films, net density changes are given in 4 spectral regions; visible, red, 
green, and blue. 
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TABLE 6. 1 : OWS VAULT DOSE RATE - RAD /DAY 
(without GCR) 


OWS Vault 

Empty 

Vault 

SL 1/2 

SI 

SL3 

S2 

SL4 

1 

7.24-2 

5.66-2 





2 

6.06-2 

2.38-2 





3 

2.07-2 

1.71-2 

1.72-2 

1.72-2 



4 

2.28-2 

1.15-2 

1.19-2 

1.18-2 



5 

1.23-2 

9.12-3 





6 

1.08-2 

8.87-3 

8.94-3 

8.87-3 

9.15-3 

9.15-3 

7 

1.19-2 

9.27-3 


9.27-3 


9.40-3 

8 

1.11-2 

7.87-3 


7.87-3 


7.97-3 

9 

1.12-2 

6.44-3 


6.42-3 


6.55-3 

10 

1.10-2 

7.69-3 


7.69-3 


7.79-3 


11 


1.07-2 


7.82-3 


7.82-3 


7. 90-3 





TABLE 6.2: OWS VAULT 

- RADIATION FOGGING RATE - 

DENSITY/DAY 









(without GCR) 









SOI 66(2485) 





2403 



Empty 






Empty 





Detector 

Vault 

SL 1/2 

SI 

SL3 

S2 

SL4 

Vaul t 

SL 1/2 

SI 

SL3 

S2 SL4 

1 

5.32-2 

3.70-2 





2.53-2 

1 . 72-2 




2 

4.47-2 

1 . 74-2 





2.13-2 

8.14-3 




3 

1.56-2 

1.30-2 

1.31-2 

1.30-2 



7.28-3 

6.06-3 

6.12-3 

6.09-3 


4 

1.71-2 

9.27-3 

9.58-3 

9.52-3 



8.00-3 

4.35-3 

4.49-3 

4.46-3 


5 

9.82-3 

7.37-3 





4.60-3 

3.46-3 




6 

8.74-3 

7.21-3 

7.27-3 

7.21-3 

7.43-3 

7.43-3 

4.10-3 

3.38-3 

3.41-3 

3.38-3 

3.49-3 3.49-3 

7 

9.55-3 

7.55-3 


7.55-3 


7.66-3 

4.48-3 

3.54-3 


3.54-3 

3.59-3 

8 

8.93-3 

6.46-3 


6.46-3 


6.54-3 

4.19-3 

3.03-3 


3.03-3 

3.07-3 

9 

9.02-3 

5.38-3 


5.37-3 


5.47-3 

4.23-3 

2.53-3 


2.52-3 

2.57-3 

10 

8.87-3 

6.31-3 


6.31-3 


6.39-3 

4.16-3 

2.96-3 


2.96-3 

3.00-3 

11 

8.69-3 

6.42-3 


6.42-3 


6.49-3 

4.08-3 

3.01-3 


3.01-3 

3,04-3 





SC 5 




SO 

-246 


1 

1.13-2 

7.92-3 




9.35-3 

6.55-3 




2 

9.47-3 

3.54-3 




7.85-3 

2.98-3 




3 

3.13-3 

2.60-3 

2.62-3 

2.61-3 


2.65-3 

2.20-3 

2.22-3 

2.21-3 


4 

3.44-3 

1.81-3 

1.88-3 

1.86-3 


2.91-3 

1.55-3 

1.60-3 

1.59-3 


5 

1 . 93-3 

1.44-3 




1.65-3 

1.23-3 




6 

1.71-3 

1.41-3 

1.42-3 

1.41-3 

1.45-3 1.45-3 

1.46-3 

1.20-3 

1.21-3 

1.20-3 

1.24-3 1.24-3 

7 

1.87-3 

1.47-3 


1.47-3 

1.49-3 

1.60-3 

1.26-3 


1.26-3 

1.28-3 

8 

1.75-3 

1.26-3 


1.26-3 

1.27-3 

1.49-3 

1.08-3 


1 . 08-3 

1.09-3 

9 

1 . 76-3 

1.04-3 


1.04-3 

1.06-3 

1.51-3 

8.94-4 


8.91-4 

9.09-4 

10 

1.74-3 

1.23-3 


1.23-3 

1.24-3 

1.48-3 

1.05-3 


1 . 05-3 

1.07-3 

11 

1.70-3 

1.25-3 


1.25-3 

1.26-3 

1.45-3 

1.07-3 


1.07-3 

1 . 08-3 



TABLE 6.2 (Continued) 


Detector 

Empty 

Vault 

SL 1/2 

Plux-X(3401) 
SI SL3 

S2 

SL4 

Empty 

Vault 

SL 1/2 

Pan-X(3400) 
SI SL3 

S2 

SL4 

1 

7.03-3 

4.90-3 





1 . 98-3 

1.42-3 





2 

5.91-3 

2.30-3 





1.66-3 

6.45-4 





3 

2.06-3 

1.71-3 

1.73-3 

1 . 72-3 



5.72-4 

4.74-4 

4.79-4 

4.77-4 



4 

2.26-3 

1.22-3 

1.26-3 

1.26-3 



6.28-4 

3.33-4 

3.45-4 

3.42-4 



5 

1 . 30-3 

9.72-4 





3.55-4 

2.65-4 





6 

1.15-3 

9.50-4 

9.58-4 

9.51-4 

9.80-4 

9.80-4 

3.14-4 

2.58-4 

2.61-4 

2.59-4 

2.67-4 

2.67-4 

7 

1.26-3 

9.95-4 


9. 96-4 


1.01-3 

3.43-4 

2.70-4 


2.71-4 


2.74-4 

8 

1.18-3 

8.51-4 


8.52-4 


8.62-4 

3.21-4 

2.31-4 


2.31-4 


2.34-4 

9 

1.19-3 

7.09-4 


7.08-4 


7.21-4 

3.24-4 

1.91-4 


1.91-4 


1.95-4 

10 

1.17-3 

8.32-4 


8.32-4 


8.42-4 

3.19-4 

2.26-4 


2.25-4 


2.28-4 

11 

1.15-3 

8.47-4 


8.47-4 


8.55-4 

3.12-4 

2.30-4 


2.30-4 


2.32-4 


O' 

co 





SO 

-392 




SWR (104-06) 


1 

1.62-3 

1.16-3 




2.75-4 

2.00-4 




2 

1.36-3 

5.29-4 




2.30-4 

9. 00-5 




3 

4.69-4 

3.89-4 

3.92-4 

3.91-4 


7. 93-5 

6.57-5 

6.63-5 

6.63-5 


4 

5.15-4 

2.72-4 

2.82-4 

2.80-4 


8.73-5 

4.60-5 

4.73-5 

4.73-5 

, 

5 

2.90-4 

2.17-4 




4.90-5 

3.63-5 




6 

2.57-4 

2.11-4 

2.13-4 

2.11-4 

2.18-4 2.18-4 

4.33-5 

3.57-5 

3.60-5 

3.57-5 

3.67-5 3.67-5 

7 

2.81-4 

2.21-4 


2.21-4 

2.24-4 

4.73-5 

3.73-5 


3.73-5 

3.77-5 

8 

2.62-4 

1.89-4 


1.89-4 

1.91-4 

4.44-5 

3.17-5 


3.17-5 

3.21-5 

9 

2.65-4 

1.56-4 


1.56-4 

1.59-4 

4.47-5 

2.62-5 


2.61-5 

2.67-5 

10 

2.61-4 

1.84-4 


1.84-4 

1.87-4 

4.40-5 

3.10-5 


3.10-5 

3.14-5 

11 

2.55-4 

1.88-4 


1.88-4 

1.90-4 

4.30-5 

3.15-5 


3.15-5 

3.18-5 



TABLE 6.2 (Continued) 





SOI 68 Visible 





S0168 Red 




Empty 






Empty 






Detector 

Vault 

SL 1/2 

SI 

SL3 

S2 

SL4 

Vault 

SL 1/2 

SI 

SL3 

S2 

SL4 

1 

1.88-2 

1.30.2 





2.15-2 

1.48-2 





2 

1.58-2 

6.09-3 





1.81-2 

6.94-3 





3 

5.44-3 

4.52-3 

4.56-3 

4.54-3 



6.20-3 

5.16-3 

5.21-3 

5.18-3 



4 

5.97-3 

3.23-3 

3.34-3 

3.31-3 



6.81-3 

3.69-3 

3.81-3 

3.79-3 



5 

3.42-3 

2.57-3 





3.91-3 

2.94-3 





6 

3.04-3 

2.51-3 

2.53-3 

2.51-3 

2.59-3 

2.59-3 

3.48-3 

2.87-3 

2.89-3 

2.87-3 

2.96-3 

2.96-3 

7 

3.32-3 

2.63-3 


2.63-3 


2.66-3 

3.80-3 

3.00-3 


3.01-3 


3.05-3 

8 

3.11-3 

2.25-3 


2.25-3 


2.28-3 

3.55-3 

2.57-3 


2.57-3 


2 . 60-3 

9 

3.14-3 

1.87-3 


1.87-3 


1 . 90-3 

3.59-3 

2.14-3 


2.14-3 


2.18-3 

10 

3.. 09-3 

2.20-3 


2.20-3 


2.22-3 

3.53-3 

2.51-3 


2.51-3 


2.54-3 

11 

3.03-3 

2.23-3 


2.23-3 


2.26-3 

3.46-3 

2.56-3 


2.56-3 


2.58-3 





S0168 Green 




SOI 68 Blue 


1 

1.47-2 

1.03-2 




1 . 30-2 

9.11-3 




2 

1.24-2 

4.79-3 




1.09-2 

4.23-3 




3 

4.27-3 

3.54-3 

3.58-3 

3.56-3 


3.76-3 

3.12-3 

3.15-3 

3.14-3 


4 

4.69-3 

2.52-3 

2.61-3 

2.59-3 


4.13-3 

2.22-3 

2.29-3 

2.28-3 


5 

2.68-3 

2.00-3 




2.36-3 

1 . 76-3 




6 

2.38-3 

1 . 96-3 

1 . 98-3 

1 . 96-3 

2.02-3 2.02-3 

2.09-3 

1.72-3 

1 . 74-3 

1.72-3 

1.78-3 1.78-3 

7 

2.60-3 

2.05-3 


2.05-3 

2.08-3 

2.29-3 

1.80-3 


1.80-3 

1.83-3 

8 

2.43-3 

1.75-3 


1.75-3 

1.78-3 

2.14-3 

1.54-3 


1.54-3 

1.56-3 

9 

2.45-3 

1.46-3 


1.46-3 

1.48-3 

2.16-3 

1.28-3 


1.28-3 

1 . 30-3 

10 

2.41-3 

1.71-3 


1.71-3 

1.7313 

2.12-3 

1.51-3 


1.51-3 

1.53-3 

11 

2.36-3 

1 . 74-3 


1.74-3 

1.76-3 

2.08-3 

1.53-3 


1.53-3 

1.55-3 



TABLE 6.2 (Continued) 


Detector 

Empty 

Vault 

SL 1/2 

S0368 Visible 
SI SL3 

S2 

SL4 

Empty 

Vault 

SL 1/2 

S0368 Red 
SI SL3 

S2 

SL4 

1 

9.35-3 

6.55-3 





5.60-3 

3.93-3 





2 

7.85-3 

2.98-3 





4.70-3 

1 . 83-3 





3 

2.65-3 

2.20-3 

2.22-3 

2.21-3 



1.64-3 

1.36-3 

1.37-3 

1.37-3 



4 

2.91-3 

1.55-3 

1.60-3 

1.59-3 



1.80-3 

9.69-4 

1 . 00-3 

9. 95-4 



5 

1.65-3 

1.23-3 





1.03-3 

7.70-4 





6 

1.46-3 

1.20-3 

1.21-3 

1.20-3 

1.24-3 

1.24-3 

9.13-4 

7.53-4 

7.59-4 

7.53-4 

7.77-4 

7. 77-4 

7 

1 . 60-3 

1.26-3 


1.26-3 


1.28-3 

9.98-4 

7.88-4 


7.88-4 


8.00-4 

8 

1.49-3 

1.08-3 


1.08-3 


1.09-3 

9.33-4 

6.74-4 


6. 74-4 


6.83-4 

9 

1.51-3 

8.94-4 


8.91-4 


9.09-4 

9.43-4 

5.61-4 


5.60-4 


5.71-4 

10 

1.48-3 

1.05-3 


1.05-3 


1.07-3 

9.27-4 

6.59-4 


6.58-4 


6.67-4 

11 

I. 45-3 

1.07-3 


1 . 07-3 


1 . 08-3 

9.08-4 

6.70-4 


6.70-4 


6.77-4 





S0368 Green 




S0368 Blue 


1 

4.96-3 

3.48-3 




4.06-3 

2.87-3 




2 

4.16-3 

1.62-3 




3.41-3 

1.33-3 




3 

1.45-3 

1.20-3 

1.21-3 

1.21-3 


1.18-3 

9.83-4 

9. 92-4 

9.88-4 


4 

1.59-3 

8.55-4 

8.84-4 

8.78-4 


1.30-3 

6.97-4 

7.22-4 

7. 1 7-4 


5 

9.07-4 

6.80-4 




7.41-4 

5.55-4 




6 

8.06-4 

6.64-4 

6.70-4 

6.65-4 

6.85-4 6185-4 

6.58-4 

5.42-4 

5.46-4 

5.42-4 5.59-4 

5.59-4 

7 

8.81-4 

6.95-4 


6.96-4 

7. 06-4 

7.19-4 

5.67-4 


5.67-4 

5.75-4 

8 

8.23-4 

5.95-4 


5.95-4 

6.02-4 

6.72-4 

4.85-4 


4.85-4 

4.91 —4 

9 

8.32-4 

4.95-4 


4.93-4 

5.03-4 

6.79-4 

4.03-4 


4.02-4 

4.10-4 

10 

8.18-4 

5.81-4 


5.81-4 

5.88-4 

6.68-4 

4.74-4 


4. 73-4 

4.80-4 

11 

8.01-4 

5.91-4 


5.91-4 

5.97-4 

6.54-4 

4.82-4 


4. 82—4 

4.87-4 



TABLE 6.2 (Continued) 





S0180 Visible 





S0180 Red 



Detector 

Empty 

Vault 

SL 1/2 

SI 

SL3 

S2 

SL4 

Empty 

Vault 

SL1/2 

SI 

SL3 

S2 

SL4 

1 

8.08-3 

5.64-3 





1.13-2 

7. 95-3 





2 

6.78-3 

2.61-3 





9.49-3 

3.58-3 





3 

2.33-3 

1.93-3 

1.95-3 

1.94-3 



3.18-3 

2.63-3 

2.66-3 

2.65-3 



4 

2.56-3 

1.37-3 

1.42-3 

1.41-3 



3.49-3 

1 . 85-3 

1.91-3 

1.90-3 



5 

1.46-3 

1.09-3 





1 . 97-3 

1.47-3 





6 

1.29-3 

1.07-3 

1.08-3 

1.07-3 

1.10-3 

1.10-3 

1 . 74-3 

1.43-3 

1.44-3 

1.43-3 

1.48-3 

1 . 48-3 

7 

1.41-3 

1.12-3 


1.12-3 


1.13-3 

1 . 90-3 

1.50-3 


1.50-3 


1.52-3 

8 

1.32-3 

9.54-4 


9.55-4 


9.66-4 

1.78-3 

1.28-3 


1.28-3 


1.30-3 

9 

1.34-3 

7. 94-4 


7. 92-4 


8.07-4 

1.80-3 

1.06-3 


1.06-3 


1.08-3 

10 

1.31-3 

9.33-4 


9.32-4 


9.44-4 

1.77-3 

1.25-3 


1.25-3 


1.27-3 

II 

1.29-3 

9.49-4 


9.49-4 


9.58-4 

1.73-3 

1.27-3 


1.27-3 


1.29-3 


o 

a- 





S0180 

Green 




S0180 Blue 


1 

4.06-3 

2.87-3 




3.47-3 

2.45-3 




2 

3.41-3 

1.33-3 




2.91-3 

1.13-3 




3 

1.18-3 

9.83-4 

9. 92-4 

9.88-4 


1.01-3 

8.37-4 

8.45-4 

8.42-4 


4 

1.30-3 

6.97-4 

7.22-4 

7.17-4 


1.11-3 

5.93-4 

6.13-4 

6.09-4 


5 

7.4-14 

5.55-4 




6.30-4 

4.71-4 




6 

6.58-4 

5.42-4 

5.46-4 

5.42-4 5.59-4 

5.59-4 

5.59-4 

4.60-4 

4.64-4 

4.61-4 4.75-4 

4. 75-4 

7 

7.19-4 

5.67-4 


5.67-4 

5.75-4 

6.11-4 

4.82-4 


4.82-4 

4.89-4 

8 

6.72-4 

4.85-4 


4.85-4 

4.91-4 

5.71-4 

4.12-4 


4.12-4 

4.17-4 

9 

6.79-4 

4.03-4 


4.02-4 

4.10-4 

5.77-4 

3.42-4 


3.41-4 

3.48-4 

10 

6.68-4 

4.74-4 


4. 73-4 

4.80-4 

5.67-4 

4.03-4 


4.02-4 

4.07-4 

11 

6.54-4 

4.82-4 


4.82-4 

4.87-4 

5.56-4 

4.09-4 


4.09-4 

4. 13-4 



TABLE 6.2 (Continued) 




S0121 Visible 






S0121 

Red 



Detector 

Empty 

Vault 

SL 1/2 

SI 

SL3 

S2 

SL4 

Empty 

Vault 

SL 1/2 

SI 

SL3 

S2 

SL4 

1 

5.60-3 

3.93-3 





4.24-3 

3.00-3 





2 

4.70-3 

1.83-3 





3.59-3 

1.39-3 





3 

1.64-3 

1.36-3 

1.37-3 

1 . 37-3 



1.24-3 

1.03-3 

1.04-3 

1.03-3 



4 

1.80-3 

9.69-4 

1.00-3 

9.95-4 



1 . 36-3 

7.30-4 

7.56-4 

7.51-4 



5 

1.03-3 

7.70-4 





7.76-4 

5.81-4 





6 

9.13-4 

7.53-4 

7.59-4 

7.53-4 

7.77-4 

7.77-4 

6.89-4 

5.68-4 

5.72-4 

5.68-4 

5.85-4 

5.85-4 

7 

9.98-4 

7.88-4 


7.88-4 


8.00-4 

7.53-4 

5.94-4 


5.94-4 


6.03-4 

8 

9.33-4 

6.74-4 


6.74-4 


6.83-4 

7.04-4 

5.08-4 


5.08-4 


5.14-4 

9 

9.43-4 

5.61-4 


5.60-4 


5.71-4 

7.11-4 

4.22-4 


4.21-4 


4.29-4 

10 

9.27-4 

6.59-4 


6.58-4 


6.67-4 

6.99-4 

4.96-4 


4. 96-4 


5.02-4 

11 

9.08-4 

6.70-4 


6.70-4 


6.77-4 

6.85-4 

5.05-4 


5.05-4 


5.10-4 





S0121 Green 




S0121 

Blue 


1 

3.24-3 

2.29-3 




1.68-2 

1.17-2 




2 

2.72-3 

1.06-3 




1.41-2 

5.45-3 




3 

9.41-4 

7.81-4 

7.89-4 

7.85-4 


4.86-3 

4.04-3 

4.08-3 

4.07-3 f 


4 

1.03-3 

5.52-4 

5.72-4 

5.68-4 


5.35-3 

2.88-3 

2.98-3 

2.96-3 


5 

5.87-4 

4.39-4 




3.06-3 

2.29-3 




6 

5.21-4 

4.29-4 

4.33-4 

4.29-4 4.43-4 

4.43-4 

2.72-3 

2.24-3 

2.26-3 

2.24-3 2.31-3 

2.31-3 

7 

5.69-4 

4.49-4 


4.49-4 

4,56-4 

2.97-3 

2.34-3 


2.35-3 

2.38-3 

8 

5.32-4 

3.84-4 


3.84-4 

3.88-4 

2.78-3 

2.01-3 


2.01-3 

2.03-3 

9 

5.38-4 

3.19-4 


3.18-4 

3.24-4 

2.80-3 

1 . 67-3 


1.67-3 

1 . 70-3 

10 

5.29-4 

3.75-4 


3.75-4 

3.80-4 

2.76-3 

1 . 96-3 


1.96-3 

1.98-3 

11 

5.18-4 

3.81-4 


3.81-4 

3.85-4 

2.70-3 

1.99-3 


1 . 99-3 

2.01-3 



6 e\ TA^"7 A I ° 

. z iU/i/ Analysis 


The T027 experiment is to be extended on an 18 foot boom through the Scientific 

Airlock (SAL). The camera is mounted adjacent to the optics housing on the end 
of the boom. The experiment is modeled on the sunside SAL. A second geometry 
model simulates the experiment and boom withdrawn into the SAL with the door 
closed for temporary storage. 

The exposed location of the T027 camera causes it to be subjected to high radiation 
levels unless it is retracted at certain times. Experimental constraints and crew 
availability may preclude frequent retraction so an auxiliary shield is placed around 
four sides of the camera (excluding lens and optics housing sides) for partial protection. 
The shield layers from inside to outside are lead, aluminum, and polyethylene. 

Several shield configurations are considered. 

The T027 film type is Kodak 2485, a change from Kodak 3403 as indicated in Figure 
6.2a, Drawer A, of the OWS vault. 

The daily dose rates and radiation fogging rates on the boom and withdrawn into 
the SAL are given in Table 6.3. Fogging rates pertinent to T027 are given for Kodak 
2485 and 3403 films. The SWR fogging rate is included so that approximate estimates 
may be made for other SAL experiments using slower film. Note that GCR is not 
included in this table. 

An experiment timeline is not available for purposes of estimating total film fogging. 

An example will be worked to illustrate the method that may be used in conjunction 
with a timeline. 

Assume the total T027 film magazine time in orbit is 29 days, of which 26 days are 
spent in the film vault. Let a fraction of a day be spent on the boom, and the remainder 
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TABLE 6.3: DOSE AND FOGGING RATES FOR T027 FILM 


(without' GCR) 


CN 

o 


Within SAL 

P e 


Shield-Inches 


Pb 

Al 

Poly 

0 

0 

0 

0 

0 

.1 

1/32 

.15 

0 

1/16 

.3 

0 

1/16 

.3 

.1 

0 

0 

0 

0 

0 

.1 

1/32 

.,15 

0 

1/16 

.3 

0 

1/16 

.3 

.1 

0 

0 

0 

0 

0 

.1 

1/32 

.15 

0 

1/16 

.3 

0 

1/16 

.3 

.1 

0 

0 

0 

0 

0 

. 1 

1/32 

. 15 

0 

1/16 

.3 

0 

1/16 

.3 

.1 

0 

0 

0 

0 

0 

.1 

1/32 

.15 

0 

1/16 

.3 

0 

1/16 

. 3 

.1 


p 

e 

2.30-1 

8.59-2 

2.11-1 

3.19-2 

1.61-1 

1.63-3 

1.32-1 

8.83-4 

1.29-1 

8.76-4 

1.25-1 

1.65-1 

1.15-1 

6.12-2 

9.42-2 

2.93-3 

8.03-2 

1.60-3 

7.85-2 

1.59-3 

5.84-2 

9.18-2 

5.36-2 

3.41-2 

4.37-2 

1.61-3 

3.73-2 

8.83-4 

3.65-2 

8.77-4 

5.00-3 

4.39-3 

4.59-3 

1.63-3 

3.70-3 

8.03-5 

3.13-3 

4.37-5 

3.05-3 

4.34-5 

7.27-4 

5.06-4 

6.67-4 

1.88-4 

5.27-4 

9. 30-6 

4.47-4 

5.10-6 

4.37-4 

5.03-6 


On Boom 


Brem 

Total 

3.10-3 

3.19-1 

2.11-3 

2.45-1 

1.20-3 

1.64-1 

1.02-3 

1.34-1 

9.39-4 

1.30-1 

4.66-2 

3.37-1 

3.17-2 

2.08-1 

1.01-2 

1.07-1 

9.88-3 

9.16-2 

9.50-3 

8.96-2 

2.57-2 

1.76-1 

1.75-2 

1.05-1 

5.56-3 

5.09-2 

5.33-3 

4.35-2 

5.24-3 

4.26-2 

1 . 34-3 

1.07-2 

9.13-4 

7.14-3 

2.90-4 

4.07-3 

2.78-4 

3.45-3 

2.74-4 

3.37-3 

1.53-4 

1.39-3 

1.04-4 

9.59-4 

3.28-5 

5.70-4 

3.16-5 

4.83-4 

2.78-5 

4.70-4 


Dose Rate - Rad/Day 


SO -166 (2485) Fog 
Day -1 


3403 Fog 
Day" 1 


Pan X 3400 Fog 
Day" 1 


SWR Fog 
Day" 1 


6.64-2 

6.50-2 

4.95-5 

4.95-5 

5.42-2 

5.35-2 

4.95-5 

4.95-5 

4.42-2 

4.34-2 

9.08-5 

9.08-5 

3.68-2 

3.63-2 

9.08-5 

9.08-5 

2.06-2 

2.02-2 

5.02-5 

5.02-5 

1.72-2 

1.69-2 

5.02-5 

5.02-5 

1 . 68-3 
1.65-3 

2.46-6 

2.46-6 

1.39-3 

1.37-3 

2.46-6 

2.46-6 

2.38-4 

2.33-4 

2.86-7 

2.86-7 

1.96-4 
1 . 93-4 

2.86-7 

2.86-7 


Brem Total 


7.95-4 
7 . 83—4 

6.73-2 

6.58-2 

4. 97-4 
4.55-4 

5.47-2 

5.40-2 

4.71-3 
4. 66-3 

4.90-2 

4.82-2 

2.65-3 

2.65-3 

3.96-2 

3.91-2 

2.60-3 

2.57-3 

2.33-2 

2.28-2 

1.46-3 

1.46-3 

1 . 87-2 
1.84-2 

1 . 36-4 
1 . 34-4 

1 . 82-3 
1 . 79-3 

7.64-5 

7.63-5 

1.47-3 
1 .45-3 

1 . 54-5 
1.53-5 

2.54-4 

2.48-4 

8.70-6 

8.67-6 

2.05-4 

2.02-4 



of a three day period in the SAL, Assume the boom stay time encounters several 
proton pulses totaling 30 percent of the daily average, and that the same fraction 
applies to electrons. Finally, assume the boom-mounted camera is unshielded. 

The radiation environment in the vault should be similar to that of detector 2. 

Thus, fogging to Kodak 2485 in the vault due to trapped radiation would approximate: 
26 x .0174 (from Table 6.2) = 0.425. 

Fogging on the boom is: 

0,3 x .339 (from Table 6.3) = 0.102. 

Fogging in the SAL is: 

2.7 x .0490 (from Table 6.3) =0.132 
The total without GCR is 0.686. 

GCR fogging may be approximated by assuming the fogging per unit dose is equal 
to that for trapped protons. At vault detector 2 a dose of 0.0238 rad produces a 
fog of 0.0174 in Kodak 2485, with trapped protons dominating. The GCR dose rate 
is .010 rads/day. For 29 days, the GCR fogging is approximately: 

29 x x .010 = 0.212 

. 0238 

The total fog is then 0.898. 

Moving the T027 magazines to Drawer E (detector 6) would reduce the OWS vault, 
trapped radiation fog from 0.425 to: 26 x .00721 = 0. 187. The total fog would 
then be 0.660. 

If the SAL residence time is reduced by two days and the vault time (Drawer E) 
increased by two days, the fog would be reduced by: 

2 x (.049 - .00721) = .0836 
The total fog would then be 0.577. 
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The minimum fog achievable is for 29 days in Drawer E: 
29 x (.00721) + .212 (GCR) = 0.421. 


Half the minimum achievable fog is due to GCR whose radiation response function 

is uncertain. 


6.3 S190 Analysis 

The S190 experiment contains six cameras mounted at an optically flat window within 
the MDA. Three cameras are mounted along the top of the window (CSM end) and 
three are mounted along the bottom. Relative to an observer within the MDA, film 
fogging is computed for the lower left, lower center, and upper center cameras. 

The dose rates to these films are, respectively, 0.0606, 0.0693, and 0.0555 rad 
per day. At their storage location within the OWS vault (detectors 7 through 11) 
the dose rates range from 0.00642 to 0,00940 rad per day according to Table 6. 1 . 

The GCR dose rate of 0.010 rad per day should be added to these values. 

The daily fogging rates at the MDA window are given in Table 6.4. 
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TABLE 6.4: DOSE AND FOGGING RATES AT S190 OPERATING LOCATION 

(without GCR) 




Lower Left 



Lower Center 


Upper Center 


Dose Rate - Rad/Day 


6. 

06-2 



5.93-2 


5.55-2 


Fogging Rate - Day ^ 

Visible 

Red 

Green 

Blue 

Visible 

Red Green Blue 

Visible 

Red Green 

Blue 

SO-166 (2485) 

3.92-2 




3.85-2 


3.62-2 



2403 

1.83-2 




1.79-2 


1.68-2 



* SO -246 

6.96-3 




6.83-3 


6.41-3 



* Plus-X 3401 

5.20-3 




5.10-3 


4.79-3 



Pan-X 3400 

1.50-3 




1.47-3 


1.38-3 



* SO-180 

5.99-3 

8.46-3 

3.04-3 

2.60-3 

5.88-3 

8.30-3 2.98-3 2.55-3 

5.52-3 

7.78-3 2.80-3 

2.40-3 

* SO-121 

4.16-3 

3.18-3 

2.43-3 

1.24-2 

4.08-3 

3.12-3 2.39-3 1.21-2 

3.83-3 

2.93-2 2.24-3 

1.14-2 


* 


Proposed for use. 



7.0 PROTON SPECTROMETER 


The Proton Spectrometer (PS) is designed to detect energetic protons and electrons, 
and to give a measure of the spectral characteristics of each component. The 

instrument is unusual in that it is sensitive to protons with energies up to 400 MeV, 
whereas most earlier measurements cut off at 100 to 200 MeV. Film damage in 
heavily shielded regions such as the OWS vault is due largely to protons whose 
initial energy lies between 200 and 400 MeV. The object of this effort is to 
determine whether PS data taken early in the mission can be used to correct 
preflight dose and damage estimates. 

3 

Proton environment data is provided by J . J. Wright and M. O. Burrell. A 235 
n.mi. circular orbit inclined at 50 degrees was selected. The starting point is 
0 degrees latitude, 0 degrees longitude. The initial direction is approximately 
northeast. The position is calculated at intervals of 62.4 seconds over a time 
period of 6 days, 10 hours. Proton flux data for this orbit is shown in Section 3. 

At each point, several parameters are calculated and punched on cards if the proton 
flux above 50 MeV is greater than 3 protons/cm - sec. A total of 701 points satisfy 
the criterion. 

Each punched card contains the following data, 
o Time - T 
o Altitude - H 
o Lati tude - ■© 
o Longitude - 0 

o Three components of the magnetic field vector in earth spherical coordinate 



o Proton spectral parameter - E 1 
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I he integral proton flux above energy E is: 


$ (> E) = J (> 50) exp (“E/E ') 

This expression is differentiated to permit evaluation of the proton flux, differential 
in energy, at 9 energies ranging from 20 to 400 MeV. The intermediate energies are 
chosen to provide equal logarithmic energy intervals, thus approximating the 8 energy 
bin format of the PS. 

The approach outlined below examines the possibility of correlating the measured 
environment with the Vette model environment. It provides no corrections for uncer- 
tainties in radiation transport techniques, geometry models, and film damage functions. 
Furthermore, it does not test the validity of the isotropic flux assumption used in the 
transport calculations, though it could be extended to include and correct that assumption. 

A large part of the radiation-induced film damage is expected to be caused by protons 
in the South Atlantic magnetic anomaly. The protons are confined to pitch angles which 
lie within 30 degrees of the plane perpendicular to magnetic field lines. This distribution 
comprises 34 percent of the total solid angle about a point. The PS has an acceptance 
cone with a 22.5 degree half angle, which corresponds to 3.8 percent of the total 
solid angle. It is necessary to correlate the PS axis with the local field line direction 
and flux intensity in order to account for proton anisotropy and instrument directionality. 

A newly written computer program, FOPSO (Flux Observed by Proton Spectrometer in 
Orbit), performs several manipulations on the environment data. The vector components 
of B are transformed from an earth-rotating spherical to a Cartesian coordinate system. 

A second transformation is applied to convert to an arbitrary celestial Cartesian 
coordinate system which is fixed relative to distant stars. 
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The direction of the PS axis in this celestial coordinate system is changing by less 
than one degree per day due to the earth revolving about the sun once per year. 

A time-dependent transformation accounts for this correction. The above assumption 
neglects pitch, roll, and yaw drifts of the Skylab. 

The cosine of the angle between the PS axis and the field line B is computed from 
the scalar product of unit vectors along these directions. A table look-up then 
determines the fraction of the omnidirectional proton flux within the acceptance 
cone of the PS, assuming azimuthal symmetry about the field line. The pitch angle 
distribution is represented by a gaussian with deviation equal to 7.5 degrees, according 
to the data of Heckman and Nakano^ for an altitude of 364 km. 

Appropriate integrals over time and energy are performed to yield total and PS- 
intercepted proton flux, differential in energy, as well as total and PS -intercepted 
flux in 8 energy bins. 


Results 

The Skylab orbit encounters protons in the South Atlantic anomaly. A check was 
made to determine the adequacy of the magnetic field model in this region. The 
basic representation used in the study is a 48 term spherical harmonic expansion for 
1960. A partial recalculation was made with a 100 term expansion for 1965. The 
PS responses agree within 3 percent. It is concluded that no improvement would 
result by going to a higher order spherical harmonic expansion of the geomagnetic 
field. 

The effect of initial pointing direction upon PS response during a 6 day, 10 hour period 
is shown in Figure 7.1. The coordinates are latitude and longitude of the initial 
orientation in the arbitrary celestial system described above. A southward drift of 
one degree per day is assumed. 
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Coordinates are latitude and longitude in an arbitrary 
celestial system. A one degree per day southward drift 
is assumed. Values are counts in units of 10' 7 . 


FIGURE 7. i : CONTOUR MAP OF PROTON SPECTROMETER TOTAL COUNTS 
DURING A 6.5 DAY PERIOD AS A FUNCTION OF INITIAL 
POINTING DIRECTION 
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At the south pole, longitude is incremented by 180 degrees and the drift is continued 
in a northward direction. 

Approximately 400 cases have been processed. Based upon these data, contour 

lines of PS total counts from 20 to 400 MeV are shown. The total flux in this 

7 2 

interval is 86.0 X 10 protons/cm . 

Computed response of the instrument varies from 0.25 percent to 8.4 percent of the 
total environment during the 6-1/2 day period. Expected cluster drift from the 
desired orientation is not presently available, but could be as large as 30 degrees 
between attitude corrections. Such a drift could change PS response significantly. 

If therefore appears necessary to correlate PS orientation with its response during 
anomaly passes. 

Can the PS response, correlated with cluster orientation, be used to correct preflight 
dose predictions? Additional information is necessary to answer this question, in 
lightly shielded locations such as a boom-mounted camera outside the Scientific 
Airlocks, incident protons below 100 MeV dominate. In heavily shielded locations 
such as part of the OWS vault (3. 4" Al), incident protons between 200 to 400 MeV 
dominate. The proton spectrum within the acceptance cone of the PS as a function 
of initial pointing direction will be compared to the omnidirectional spectrum in 
order to provide guidance in answering the above question. 

The top curve in Figure 7.2 shows the omnidirectional flux from 20 to 400 MeV 

7 2 

corresponding to 86. Ox 10 protons/cm . The other curves show the spectrum 

entering the acceptance cone for five initial pointing directions. Three curves, 

7 2, 

labeled 7.3, 4.0, and 2.3 x 10 p/cm , exhibit the same spectral shape possessed 

7 2 

by the omnidirectional flux. At 1.2 and 0.23 x 10 p/cm , the spectrum is softer. 

The relative number of protons in eight energy intervals is shown in Figure 7,3 for 
the two extreme cases. Note that the numbers of protons above 275 MeV which 

enter one nappe of the acceptance cone per unit area differs greatly in the two cases. 
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o Hord spectrum 

2.9% of 7.3 x 1 0^ — 2.1 x 10^ protons 

o Soft spectrum 

0.2% of 0.23 x 10^ = 4.6 x 10^ protons 

Dr. Vette's warning against using results from his trapped radiation belt environment 
models to prove hypotheses concerning the trapped radiation belts should be kept in 
mind in analyzing the results presented above. The radiation belt models probably 
give good estimates of the trapped proton omnidirectional flux below 200 MeV in 
the Skylab orbit as evidenced by insensitivity to the magnetic field representation 
and good (20 percent) agreement at peak fluxes with preliminary results of a recent 

3 

Air Force experiment. However, data above 200 MeV are sparse and computed 
results should be regarded with caution. 

Two approximations are peculiar to the present analysis. Both arise from the necessity 

of converting omnidirectional flux to flux differential in angle. First, an energy- 

independent pitch angle distribution is chosen. The distribution is a Gaussian of the 

2 2 

form f(X) = exp (-x / 6" ), where X is the angle from the plane perpendicular to the 
local field line and CT is 7.4 degrees from the work of Heckman and Nakano^ at 364 km. 
Second, the east-west asymmetry is neglected. This asymmetry is due to the fact that 
protons moving east in the South Atlantic mirroring region have their guiding centers 
at higher altitudes and are less attenuated by the atmosphere. At 364 km, the eastward- 
traveling flux above 60 MeV is a factor of 2.3 larger than the westward -travel ing flux, 
and the ratio is strongly dependent upon energy. The effect should be markedly less 
at 436 km (235 n.mi.) because the atmospheric scale height is 62 km. 

The first approximation above tends to steepen the gradient of the proton flux contours 
in Figure 7. 1. The second approximation is more serious. It leads to a false near- 

symmetry about the origin and distorts the spectrum somewhat for the 6-1/2 day period 
sampled. 
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Conclusions 


With the above cautions in mind, several conclusions may be drawn. 

1 . Over the eight month duration of the mission, all orientations of the PS axis with 
respect to the field lines in high flux regions will be well sampled. A good omni- 
directional spectrum may then be derived from the data. 

2. For sample periods less than approximately two months, corrections to the proton 
flux environment model will require correlations between local field lines and 
PS attitude, as well as position. 

3. For sample periods less than one month, an additional condition is necessary before 
the desired analysis may be performed, i.e., the PS axis must be aligned nearly 
perpendicular to local field lines during several passes through the high-flux 
region. This condition may be met by fortuitous happenstance, by deliberate 
cluster reorientation, or by sampling over a longer time period. 

4. Care should be used in interpreting experimental spectra which may be distorted 
by the east-west asymmetry. The two low-energy bins (20 - 45 MeV) should not 
exhibit this effect because the gyroradius of these protons is small. The two high- 
energy bins (190 - 400 MeV) should see minimal east-west asymmetry because the 
PS samples both nappes of the acceptance cone above 200 MeV. The four inter- 
mediate-energy bins may exhibit the east-west effect noticeably. 

5. PS data taken during the first week or two of the SL-1 mission may be used to 
correct preflight estimates of film damage provided that favorable cluster attitude 

is achieved and a detailed data analysis is performed in near-real -time. 
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APPENDIX 


An experimental study of radiation effects to 13 Skylab candidate film types has been 
conducted by Mr. Richard R. Adams, Langley Research Center, NASA. Mr. Adams' 
results were not available in time to be incorporated into the present study. A portion 
of his data are included in this Appendix at the request of the Contracting Officer's 
Representative for the benefit of the Skylab film-using community. As Mr. Adams 
notes, these data are preliminary in nature. 
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PROTON 
RADS AIR 

MIN 

mu 

.078 

206 

.039 

10. 2 

o 

oo 

206 

.065 

53.2 

.157 

103 

.392 

360 

7.01 

3 240 


2850 K 

LIGHT 



ADDED 

FILTER 

LOG Ej 
(mcs) 

CHEM 

TIME | 
(min) 

N/A 

N/A 

D- 1 9 
(1:1) 

4.0 

C-5900 

2.97 

0-19 

12.0 

C-5900 

.152 

D-19 

4.0 

C-5900 

2.97 

D- 1 9 

5.0 

C-5900 

.143 

D-19 

8.0 

C-5900 

.143 

D-19 

8.0 

C-5900 

1.50 

D-19 

8.0 


OCESS 


D. W. p resoak 
N 2 ~Burst ,3 sec/8 sec 

No-Burst , 1 sec/10 sec 
Cyclohexane,, Borax 
N 2 ~Burst , 1 sec/10 sec 

N2“Burst 8 1 sec/10 sec 

N 2 -Burst , 1 sec/10 sec 

N2-Burst,1 sec/10 sec 

N2-Burst,1 sec/10 sec 


554 

C-5900 

.0.14 

ME-2A 

3.4 

FPM 

98 

MSC , High Speed 1 

1 860 

C-5900 

1.50 

ME- 4 

15 

FPM 

98 

MSC , Houston 

277 

C-5900 

U75 

ME-4 

93 

FPM 

98 

MSC, RAM 

277 

C-5900 

T . 49 

ME- 4 

63 

FPM 

98 

MSC, RAM 

277 

C-5900 

T. 37 

ME-4 

52 

FPM 

98 

MSC, RAM 

443 

C-5900 
Wrat #1 2 

.706 

EA-5 

9 

FPM 

113 

MSC, 181 1 M 1 
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SUMMARY 


The attached data represents the pre I iminary results of an 
investigation conducted by the Langley Research Center in 
response to a request by the Marshall Space Flight Center 
( S&E-ASTN-D ! R-70-445 5 in support of Skylab. The photographic 
effects of ionizing radiation have been determined for 13 OWS 
candidate film types listed in the summary table. 

The data is considered representative of those samples tested 
under identical exposure, processing, and readout conditions 
within the limitations outlined below. The test films, 
obtained from the most readily available sources, were not 
necessarily representative of the manufacturers best product, 
since in many cases their previous history is unknown. 

Gamma- ray exposures were made at about 1 rad (in air) per 
hour on the Langley Co-60 Sensitometer and are considered to 
be accurate to within 110%, although a photographic comparison 
against the Eastman Kodak Co-60 facility agreed to better than 
15%. 

Proton exposures were made using the external beam of the 
Harvard University Cyclotron* and the medical collimator. 

Proton doses are considered to be accurate to i8% or 10.05 rads 
in air, whichever is greater, and have been corrected for 
slight beam intensity non-uniformity. 

Light exposures were made using the Langley Sensitometer at an 
exposure time of 1/10 second. "Simulated Daylight" is interpreted 
as 2850 degree Kelvin tungsten light modulated by a Corning 
5900 f i 1 ter pol i shed to a thickness of 4.50 m i 1 1 i meters . 

Photopic intensity measurements of the light source were 
repeatable to the equivalent of 1/6 of an f/stop and are 
considered accurate to within 1/3 of an f/stop at this writing. 
Intensities were varied by the use of calibrated apertures 
rather than neutral density filtration. 

Color film types A,F,H,I,J„ and K were processed by the Manned 
Spacecraft Center Photographic Division as specified. ‘ All 
remaining black-and-white emulsions were sens! tometrical 1 y 
processed at Langley using commercially prepared D-19 developer 
and a 3i gallon sink-line tank system with nitrogen agitation 
as specified. 

Color film densities were read using a McBeth TD-203 densitometer 
located in the Langley Photographic Branch through a^'4 mil! imeter 
aperture and "Status A" filters. Repeatability between 
successive readings was noted to be within 0.02 density units'. 

A comparison taken between density readings on a test strip at 
MSC and Langley agreed to within 0. 04 density units except for 
those readings through the blue filter pack at densities greater 
than unity, where the Langley readings were up to 0,07 density 
units lower than those of MSC. 


* Owned by the U.S. Office of Naval Research and operated by 
the Department of Physics, Harvard University, 
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Black-and-white densities were read on a McBeth ID- 102 
densitometer through a 2 millimeter aperture and a 106 filter. 
Repeatability between successive readings was again within 0,02 
density units and accuracy is considered to be G 9 G4 density 

units at this writing. 

Smooth curves were sketched through plotted points with the 
above limitations in mind where at all possible. 


DISCUSSION OF RESULTS 

The discussion which follows is the result of a "quick-look" 
approach to the attached preliminary data, the object being 
to point out general overall trends between film types and 
suggest a rationale for these trends. Final data analysis will 
result in a tightening of the conservative error limits used 
here which hopefully will accentuate the noted trends while 
exposing other less obvious ones which may contribute to 
Langleys primary objective of reducing the photographic effects 
of ionizing space radiation. 

It has been found in all cases (with the possible exception 
of S0-242, discussed later) that of the three radiation types 
studied, the Co-60 gamma-rays were the most effective per unit 
dose in producing damage and the 55 MeV protons the least. This 
is consistent with previous observations' which are explained 
in terms of a localized increased dose saturation effect as the 
radiation LET increases. 

The "single hit" theory predicts a unity slope at low net 
densities for the radiation response curves (log net density versus 
log rads in air) and have been drawn as such within the 1 imitations 
discussed in the summary for all types except D, K, L, and M. 

Types K, L, and M depart measurably from the above toward greater 
slope and have been drawn accordingly, the rationale being that 
for these slower emulsions the conservative error limitations 
imposed at this writing were exceeded by a trend toward a 
"multiple hit" phenomenon2. The response curve slope of type D 
was found to be less than unity which possibly can be attributed 
to fogging of adjacent grains by the non-d i rect iona 1 nature 
of fluorescence produced by radiation excitation of the UV 
overcoat. This is further supported by a measureable difference 
in slope between the Co-60 gamma- ray curve and the proton curves, 
while for all other types no such slope differential was noted. 


•Herz , Px.H. "The Photographic Action of ionizing Radiations" 

Wiley Interscience - 1969, pp 179-186 

2||uf f , K,E t , Cl ears f H 6 M. "Effects of Proton Exposure on Several 
Kodak Black-and-white Films" Eastman Kodak Internal Paper, 1968 
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Another genera! tendency, although less apparent, has been 
noted and that is that the difference in dose required to 
produce the same photographic effect for the three radiation 
types studied increased! with increasing film sensitivity, which 
might be expected from considerations of realtive grain size, 
distance between grains, and localized saturation as previously 
ment ioned. 

The anomol y noted in SO-242 mentioned above has not been 
clearly explained at this time. It should be mentioned, however,, 
that processing difficulties left severe damage to the film 
in localized areas. It was noted that the Dmax measured between 
proton exposures was often considerably qreater than that of the 
unexposed control. This appears to be the rule rather than the 
exception for reve rsal -processed emulsions. 

Light exposures were not attempted on type 101-01 due to the 
extreme sensitivity of the emulsion to pressure and abrasion 
and the questionable value of daylight exposures for this 
f i 1m type anyway. 

The data for type 2443 was only partially read using the blue 
filter pack since the Langley TD-203A dens i tomete'r is not 
equipped with a null balance feature, limiting the maximum 
density readable to 4.00 density units. The blue Dmax used 
was taken from MSC readings. 


Richard R e Adams 

703-827-2466 MS/234 

NASA Langley Research Center 
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